Introduction
Banks are business entities, but they have a special meaning and role in national economies. Banking institutions can be classified as financial intermediaries, which are involved in allocation of excess liquidity among entities. They take deposits from entities with excess liquidity and they provide these resources to the deficient entities, in the form of loans, which is crucial, both from a micro and a macroeconomic perspective. During "normal" times, it significantly influences financial effectiveness and growth potential of enterprises, but what is more during the periods of market turbulence or crisis, the liquidity of the banking system determines an effectiveness measure of monetary authorities, governments' stabilization and anti-crisis actions [8, 21] . However, from the perspective of measuring efficiency of banking institutions, the range of banking services is currently much more diverse than simple financial intermediation. This is the reason why it is very difficult to define or to measure the bank "production" outcomes.
The logical consequence of the fact, that banks and banking sectors, have an extremely important role in National Economies, is the interest of the professional public in this issue, which is presented in many studies dedicated to the problem of measurement and evaluation of the efficiency of banks [6, 7, 15, 25, 34, 24] . The fundamental trends in recent years, such as deregulation; increased competition due to the globalization process; the global financial crisis of the years 2007-2008 and its long term consequences, have resulted in higher pressure in the sector and have forced banks to reduce costs and increase the efficiency of operational activities. In the past, ratio indicators such as liquidity, profitability, capital adequacy and so on, depending on the needs of the specific analysis, were treated as standard instruments for measuring of the banks performance. The results were usually a subject of comparison for a given bank in different time points or they were used as a benchmark tool with other banks.
These traditional indicators are attractive, as they have a quite easy interpretation and are simple from a methodological perspective. However, they have several limitations which should be considered. One is the assumption that all the rated banks are comparable, it means they should operate under conditions of similar returns of scale [39] . Another disadvantage is that each group of indicators is devoted to measurement of just a part of the banking activities. For this reason, these indicators often provide contradictory results, which can be confusing and provide inappropriate assessment of overall performance. Therefore, the simplistic analytical methods cannot offer an objective identification of ineffective banks, which could enable to separate them from the effective once. Simple financial indicators cannot capture the multiple natures of inputs and outputs, thus, the multivariate nature of efficiency phenomenon [2, 3] . These factors decrease the usefulness of standard financial ratios as tools for assessing the effectiveness of the group of banks.
The limitations which we mentioned above, led to the application of more sophisticated instruments for detecting single bank efficiency or the efficiency of whole banking sectors, which enable the measurement of the relative effectiveness of individual bank against to effectiveness of the best banks within examined group. For the case of all the methods, an objective problem relates to the determination of "the best" bank benchmark, which should be empirically pointed, as a theoretical "the best" bank model has not yet been developed. However, analysis of the production boundary enables to determine the comprehensive banks performance, and then divide them into the effective and ineffective groups. Subsequently, this analysis enables discovery of the causes of inefficiency. At the same time, the methods can provide specific recommendations which lead to the fact that an ineffective bank moves to the boundary of efficiency. We can divide the sophisticated methods for determining the efficiency into the following categories [14] : (i) parametric methods (Stochastic Frontier Analysis (SFA), Distribution-Free Approach (DFA)); (ii) nonparametric methods (Data Envelopment Analysis (DEA)), which will be applied in the article.
Therefore, the objective of the current research is to propose a methodology for a comprehensive evaluation of operational efficiency of the banking sectors in EU countries, which is based on the Data Envelopment Analysis and Malmquist index. From the strictly empirical perspective, the aim of the study is to measure the degree of (in)efficiency of European banking sectors and to verify potential differences between the efficiency of banking sectors of the "old" fifteen and the "new" EU member countries, the banking sectors in the European Monetary Union States and the "once outside" the Euro area.
The application of the DEA methodology to analysis of sectorial efficiency -also in the case of banking sector -is not a novel idea. However, in relation to the research on banking sector efficiency most of recent papers concentrate on single countries or even the micro-cases of single banks [1, 5, 14, 20, 23, 26, 31, 33, 37, 38, 41, 42] . The actuality and empirical contribution of this article to the current state of the art relates to the scope and scale of the research. To our best knowledge, in recent years, it is unique research that is devoted to the efficiency of the banking sector in the entire EU, with special consideration to the differences between the original countries of the EU and the new member states and member and non-member countries of the Euro zone.
Theoretical Framework
Efficiency is defined as a condition, where it is not possible to produce additional unit of a good with current resources, unless one reduces production of another good. It can be related to the microeconomic production frontier framework. Thus, under the mentioned condition an entity is on the edge of its production capabilities. Evaluation of efficiency is an integral part of rational behavior of the production units that aims to survive in a challenging competitive environment in a long term. In practice it is possible to apply several methods to verify the level of efficiency [7, 22, 27, 28] , namely: (i) financial ratios; (ii) indexes; (iii) multicriteria evaluation of variants; (iv) statistical-econometric methods; (v) simulation.
The advantage of the first two instruments is their simple design and measurability. Other advantages are the clear explanatory power for a wide range of users and easy identification of deviations from targets or planned values. However, these instruments also have some important disadvantages, for example, they work with only two factors, or just with a few factors. It means that they are not useful for identifying simultaneous presence of several factors. From the quantitative perspective, a common problem is attributed to the fact that they are often not measurable together and they cannot be aggregated. The mentioned problems can be solved to some extent with application of many multi-criteria evaluation methods. But these methods are also far from perfect. Their important disadvantage is usually seen in the complicated interpretability of the obtained results [35] .
However, econometric methods have also several drawbacks. One of them is defining inefficiency as the random variable that follows a certain probability distribution, which must be specified a priori, as well as the form of dependence transformation of input to the output. In the case of baking sector it is often stressed that the form of transformation of an input to an output is often nonlinear and difficult to specify [30] . Thus, the assumptions about the form of dependence and probability distribution of inefficiency are not usually known in practice. As a result, incorrect estimation of these parameters can lead to a situation, where the model has no relation to reality [6] . That problem was especially visible during the last global financial crisis.
Conversely, simulations can also have an important disadvantage -they are an application for one specific example. It means that simulation does not offer the rating for the set of several production units. This approach compares reading frame of one unit in the system and not the system of units as a whole [28] .
Data Envelopment Analysis
Data Envelopment Analysis (DEA) enables to reduce the mentioned disadvantages of the traditional approaches. This is a group of methods which represents a special area of application of linear programming. DEA measures the efficiency of the various entities or organizational units. Investigation of efficiency is not only related to profitability of entity in a private sector. In general, one can examine the effectiveness of any entity that transforms an input to an output in some way. In a study [16] authors state that DEA analysis is most often applied in the following sectors: agriculture, banking, supply chain management, transportation, and public policy. Although DEA method was originally created to evaluate the effectiveness of nonprofit organizations, it began to be intensively used for an evaluation of business entities including banking institutions. As the first the possibility of measuring the efficiency of banks based on DEA investigated [39] . However, as a pioneering study in the area of measuring the efficiency of banks one can point [6] , who analyzed the efficiency of 14,000 US banks. First, who carried the analysis of efficiency of bank branches were [9] . Detailed analysis of the historical development and application of DEA for analyzing banking sector was carried by [36] , where 80 published studies from 24 countries were analyzed. Another study is [22] who verified 196 studies, which concentrated on the efficiency of banks and banking sectors of which 151 were based on DEA applications.
The aim of DEA method is to eliminate or exclude subjectivity of using output measurements in relation to input. The process of output and input selection, which are intended for comparison, changes the process of analysis to objectivity and eliminates subjectivity. Through the linear mathematical model weights to the input and output of individual production units (Decision Making Units DMU) -for example banks -are assigned, which reflect the efficiency of the bank. Models relating to the relevant banks have the same shape, but with the different efficiency they will have a different value of weights. According to these weights, banks will be compared and sorted. Given that, weights are the index numbers, it does not matter in which units they are expressed.
Basic ideas come from Farel [18] and later they were reformulated by Charnes, Cooper & Rhodes [10] (model DEA CCR) and Banker, Charnes & Cooper [4] (model DEA BCC). Because the method has few easily attainable assumptions, the proposals have opened new possibilities in the evaluation of DMU. Especially, when it is impossible to evaluate the DMU, mainly because of a complex and the unknown nature of the relationship between inputs and outputs. Cooper, Seiford & Ton [12] state that DEA models can be also applied in the cases, where other than DEA models are used for evaluation of efficiency.
All models can be oriented either to the input (input oriented) or to the output (output oriented), or they can use a combination of the two previous options and an additive model (slack-based models) can be constructed.
In models which are input oriented, one detects efficiency of bank or banking systems based on the input variables (the number of banks, total assets, number of employees, etc.). Banks whose optimal value of objective function is equal to one is considered as operating effectively within the observed group. Banks whose optimal value of objective function is less than one, are treated as inefficient. This value shows the need for a proportional reduction of inputs (improvement), so that ineffective bank became effective. It means that thanks to DEA models we are able to determine the degree of bank efficiency and also we obtain information how banks should "improve" their activities in order to become effective.
Output oriented models detect bank efficiency based on the output variables (the number of served customers, loans, interest income, and the volume of deposits). Banks whose optimal value of objective function is equal to one are considered as effective within the observed group, and banks whose optimal value of objective function is greater than one are inefficient. In output oriented models an increase of some or all of the output variables is considered as "improvement" of banks activities. Nowadays, there are a lot of modification of basic DEA models and Zhu [43] made their detailed description.
In the current research we propose to apply CCR DEA model. The model for DMU U q can be formulated as the task for linear refracted programming: 
Where z is a measure of efficiency of the unit Uq, e is infinitesimal constant by which the model ensures that all weights of inputs and outputs will be positive and will be then involved in the model on at least a certain minimum level.
In the research we propose to apply output and input oriented CCR DEA model because we assume a constant returns to scale. A comparative study provided by [36] was a main argument for choosing that model. In this study authors state that from 80 DEA models which were applied in the area of measuring the efficiency of banks and banking sectors in more than 50 CCR was applied. Noulas [29] shows special advantages of applying CCR model in the context of the possibility of comparison of big and small banks or banking sectors, which is especially important form the perspective of current research. However, it should be noted that there are also contradictory propositions. For example, in the summary [19] , based on the 151 observed DEA models, the authors recommend to use the BCC DEA model (variable returns to scale). There are also some studies [11, 12, 40] , where the simultaneous application of both CCR and BCC DEA is considered as a possible compromise.
Malmquist Index
An ineffective DMU can become effective, thanks to implementation of various rationalization measures. DMU which underrate the situation can be moved from effective category to the ineffective category, vice versa. However, we are not able to quantify this important fact with application of the basic DEA models. We can consider basic DEA models as static models which do not take into account the development or change in effectiveness of DMU in time. Fortunately, we are able to eliminate this problem by using Malmquist index [4] . Färe, Grosskopf, Lindgren and Roos [17] adjusted Malmquist index to measure changes in effectiveness of DMU in time. We can also formulate Malmquist index in various versions: oriented on inputs or outputs, with fixed, variables, not increasing or not decreasing returns of scale.
Malmquist input oriented index quantifies the change in effectiveness of production units q between successive periods t and t+1 and this model has following form: 11 ( , , , )
Term Mq (x t+1 , y t+1 , x t , y t ) is also called "Total Factor Productivity Index TFP". E q is given as the change in relative efficiency of unit q in comparison with other DMU between period's t and t+1, Puantifies the change in production possibilities boundary, which is caused by the technology development between periods t and t+1. These components are defined as follows: 
The term in front of brackets is called the change of relative efficiency E and measures the distance from boundary between period's t and t+1. The section in square brackets is the technical change T or technological progress. It is the geometric average of change in production technologies between the two period's t and t+1. Färe in his paper showed how we can calculate the function of distance and Malmquist index by using DEA. This fact again lead to the task of linear programming, where for each of DMU we have to calculate four functions of distance in time periods t and t+1. This situation requires solving four tasks of mathematical programming. According to the value of E q , P q and mainly according to the value of Malmquist index M achieved results can be interpreted as follows: for the all indexes (technological progress, changes in economic efficiency and M index) valid if they are less than one, it means that the position of DMU in the area is worse (wrong decision), if they are equal to one (decision were neutral), greater than one, DMU made good decisions that lead to improvement of status for this DMU.
Application of DEA for Measuring of Efficiency of European Banking Sectors
The objective of this study is to quantify the efficiency of banking sectors in European Union Countries by application of Data Envelopment Analysis for the years 2014 and 2015 and also quantify the interaction between them through the Malmquist index. The short time span of the analysis was restricted by the data availability for the whole panel of the EU countries.
In this study we determined three hypotheses:
H1: Banking sectors in the European Union countries are not enough consolidated after the strong impact of the financial crisis. As a result, banking sectors in most of the countries are ineffective.
H2: Banking sectors in "old" EU members countries are working more effectively than the banking sectors in "new" EU members.
H3: Banking sectors of European Monetary Union countries are working more efficient than the sectors of countries which do not apply the euro.
Providing proper definition of inputs and outputs is usually considered as the most difficult operation in the process of DEA model constricting. Defining of inputs and outputs of commercial banks is not an exception. Their definition is based on the three basic bank models [9, 39] : (i) intermediation model, (ii) production model), (iii) asset model. It should be noted that except of these basic models there are also other possibilities such as a model of cost per user (User cost model) or a model of value added (Value added model).
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Results and Discussion
As it was pointed, the main aim in this paper was to measure the efficiency of banking sectors of the European Union member countries. The results of output oriented analysis are presented in Table 3 and the results of input oriented analysis are given in Table 4 . We can conclude, that from the point of view of our analysis the banking sectors are effective in 15 countries in 2015 (the rate of efficiency is equal to one) and in 13 countries they are not effective (the rate of efficiency in output oriented models is higher than one and in input oriented models is lower than one, vice versa). In 2014, 18 banking sectors were effective and only 10 sectors were not effective. Compared to 2015 the rate of efficiency of banking sectors fell from 64.29% to 53.57%.
As it was mentioned, the advantage of DEA is the ability to measure the efficiency of DMU. In addition, DEA has another important advantage, which is the ability to detect the reserves. It means in the input oriented models DEA provide information on the necessary reduction of the inputs. In the output oriented models information on the possibilities to increase the outputs is given.
The degree of inefficiency in the banking sector will be illustrated with an example of Malta, which was rated as the least efficient banking sector in 2015.
As the first step we will do the analysis of output oriented models. The rate of relative inefficiency of the sector was 0.6914 (1/1.44625). The banking sector in Malta would be considered as effective if the original value of deposits was increased from 26562 million € to 38415 million € (it must be increased by 11853 million €). Furthermore, the sector should increase the volume of lending from 15 341 million € to 33244 million € (the difference is 17903 million €). In the analysis for Malta, the Spanish banking sector is used as a benchmark. Table 4 shows the results of input oriented analysis. The number of efficient banking sectors must be the same as the benchmark for ineffective sectors. But the rate of inefficiency is expressed directly. When we use the example of Malta, it is 0.69144. It means that the banking sector has to reduce the following inputs: the assets must fall by 17 548 million €, from the amount of 56872 million € to 39324 million €. The number of employees must be reduced from the original amount of 4427 by 1366, which means that the employment level in the sector should be equal to 3 061. The degree of concentration of banking sector in Malta, which is expressed by Herfindahl-Hirschman index, must fall by 1575, it means from the amount of 1621 to the final amount 46. Finally, the number of banks should fall by 13, it means from the original amount of 27 to 14. The first two columns of Table 5 In regard to our findings, the rate of efficiency of banking sectors in the EU member countries was in 2015 at the level of 53.57%, whereas in 2014 it was at the level of 64.29%. According to papers [22, 36] we considered as effective these banking sectors which work with the rate of effectiveness higher than 70%.
Based on the obtained results we can state that the hypothesis H1 was confirmed, which means that the banking sectors of the EU member countries are still not sufficiently consolidated. Taking into consideration the pre-crisis research conducted by Pastor [32] , when the banking sector of the EU members achieved an average rate of effectiveness equal to 86%, we can state that our results confirm the negative long term consequences of the financial crisis.
In regard to the H2 hypothesis, we divided our sample into two groups. The first group consists of "old" EU member states and in the second group the countries that joined the EU after 2004 are found. From the 15 original member countries the banking sectors in Germany, Greece, Spain, France, Italy, Luxembourg, Netherlands, Denmark and United Kingdom can be considered as efficient, and this situation reflects the rate of effectiveness at the level of 60%. From the countries that joined to the EU after 2004 the banking sectors were effective in Poland, Croatia, Slovakia, Lithuania, Cyprus and Estonia and this situation reflects the rate of effectiveness at the level of 46.15%. Based on these results it should be noted that the second hypothesis H2 was confirmed -the banking sectors of the old EU members were more effective from the operational point of view.
Finally, with regard to the H3 hypothesis we investigated whether the banking sectors of the Eurozone members are more efficient than banking sectors of countries, which have not applied the euro. For this reason we again divided our sample into two groups. From the 18 countries in the Eurozone the banking sectors in Germany, Estonia, Greece, Spain, France, Italy, Cyprus, Lithuania, Luxembourg, Netherlands and Slovakia worked effective and this situation reflects the rate of effectiveness at the level of 57.89%. From the 9 countries outside the euro area the banking sectors of Croatia, Denmark, Poland and United Kingdom worked effective and this situation reflects the rate of effectiveness at the level of 44.44%. Therefore, it should be noted that the hypothesis H3 was confirmed -the banking sectors of the Eurozone members can be considered as more efficient than the once outside euro area.
In the end the obtained results especially pointing to the efficiency of such banking sectors as the once in Greece, Spain or Italy should be also commented form the perspective of banking sector stability. It should be stressed that in the present research the problem of undesirable output -for example, in the case of banking sector, the share of non-performing loans in the portfolio, which is important from the perspective of banking sector stability and capital adequacy requirements -was deliberately omitted, which is considered as a standard approach form the perspective of the objectives of the article [compare 40], and still present controversies of data interpretation in this regard. So the obtained results should be interpreted from the perspective of operational efficiency of the banking sectors not form the perspective of their stability.
Conclusion
This paper was focused on the issue of measuring the efficiency of banking sectors, especially on the issue of measuring the operational effectiveness of banking sectors in the European Union member countries. The objective of this paper was to suggest a relevant methodology for measuring bank efficiency based on the Data Envelopment Analysis and Malmquist index.
The conducted empirical research confirms that the banking sectors in the EU countries are characterized with relatively low levels of efficiency in 2015. Empirical evidence suggests that the banking sectors are not enough consolidated. The research confirms still visible negative impact of the last global financial crisis, and probable negative implications of some other exogenous factors, where one can point relatively low effectiveness of monetary stabilization policy of the European Central Bank and the National Central Banks, and low effectiveness of regulation efforts at the European Union level.
With regard to the comparative analysis of efficiency of banking sectors in the Euro Area and outside the Monetary Union, we confirm that the banking sectors of the Eurozone members are more efficient than the banking sectors of countries which have not yet applied for the euro. In the case of comparison of banking sector efficiency of the old 15 EU members and the member states admitted to the EU after 2004, the first group can be considered as more efficient.
In the end, one should also point the restrictions of the research, the potential applications of the proposed methodology and areas of possible future studies.
When we tried to create a model for measuring the efficiency of banking sectors, we encountered several objective problems. This is the reason why we did not include all the variables for which we planned. For example, we were not able to obtain an average rate of profitability, the volume of non-performing loans, capital adequacy for the whole set of countries. In our opinion, the achievement of the assumption concerning homogeneity of DMU can be questionable, in the case of banking sectors. It should be also remembered that explanatory power of some variables, which we also used in the research, can also be questioned. For example, loans are commonly accepted and designated as outputs of banking activity, which is expressed in monetary units in the net value. However, this value itself does not provide information on the quality of loans, that is important from the perspective of sectors stability, which has been already stressed in a previous section.
Despite the barriers and the problems we can state that obtained results can be used for a variety of purposes, starting with continuous monitoring of the rate of efficiency of banking sectors, in the EU countries and comparative research between the countries. Interesting results, especially form a managerial perspective, could be obtained at the lower aggregation level -if we were able to assess for example the rate of effectiveness of individual banks within each country of the EU. Another important area of future research would involve addressing the problems with the development of technical, cost and overall efficiency. As it has been already stressed, the validity of the model could be also increased after expansion, including the undesirable output or the uncontrollable variables.
